The co-evolution of techno-economic, societal, environmental and political-institutional systems towards sustainable energy transitions is largely influencing the disruptive reconfiguration of the energy sector across the globe. At the heart of this disruption is the peer-to-peer energy sharing concept. Nonetheless, peer-to-peer energy sharing business models are yet very little put into practice due to the rigid energy market structures and lagging regulatory frameworks across the globe. In view of this, this paper presents a novel peer-to-peer energy sharing business model developed specifically for the context of the Portuguese energy market, which was successfully trialed in three pilot projects in Portugal under real market conditions. All things considered, the novelty of this paper lies on an innovative approach for the collaborative use of the surplus electricity generation from photovoltaic systems between end-users under the same low voltage/medium voltage transformer substation, which resulted in direct financial benefits to them. While absent deregulation obstructs the implementation of effective peer-to-peer energy sharing markets in Portugal, such demonstration projects are essential to challenge restrictive regulatory frameworks that do not keep pace with techno-economic and societal innovations, thus helping to build the emerging consumer-centric energy regime and disrupt the old one.
Introduction
The growing affordability of distributed generation and energy storage technologies (automotive and stationary) combined with the evolution of new information & communications technology (ICT) systems is largely influencing the disruptive transformation and reconfiguration of the energy sector across the globe [1] . As a result of this global movement towards sustainable energy transitions, electricity consumers are starting to have greater autonomy to manage and control their load flexibility, thus evolving from merely passive paying customers to active participants in the energy market [2] . Also, a growing number of electricity consumers are becoming prosumers-which refers to those who fulfil changing roles as both producers and consumers of electricity [3, 4] .
This shift towards smarter and more distributed energy systems aligned with the emergence of consumer-centric markets allow the development of innovative value streams within the energy (1) What are the main practical implications of the existent regulatory barriers in terms of the feasibility of the demonstration of P2P energy sharing models in Portugal? (2) What sort of novel P2P energy sharing business model can be designed for the context of the Portuguese energy market, considering its stringent regulatory barriers? (3) What are the financial benefits for different end-users in a prospective deregulated P2P energy sharing scenario in Portugal?
By answering the abovementioned questions, this paper aims to provide novel insights related to the design of P2P energy sharing business models that will spur the development of increasingly more complex business models. Additionally, this paper expects to push forward the makeover of outdated energy policies towards the deregulation of P2P energy sharing market models in Portugal.
Methodology
This section presents the methodology tailored to support the implementation of the proposed business model. It first introduces the demonstration project used as field trial to test out the feasibility of the proposed business model. Then, it deliberates about the rationale behind the proposed business model, analysing the current regulatory framework for the Portuguese energy sector to suggest an ameliorated and more progressive mode of commercialisation of surplus distributed electricity generation as a means to acknowledge P2P energy sharing market models. Moreover, it discusses about the structure of the proposed new Final Sales tariff applicable to surplus distributed electricity traded within low voltage P2P energy sharing communities. Finally, it describes the underlying smart ICT infrastructure layer conceived to support the implementation of the proposed business model.
The Community S Project
The Community S project represents the first P2P energy sharing initiative trialled in real-life settings and under real market conditions in Portugal [24] . This represents an unprecedent demonstration project at national level and novel demonstration project worldwide, given the scarce amount of robust P2P energy sharing business models implemented trialled under similar circumstances. Because of that, it can be inferred that the Community S project plays an important role in providing the first insights about the feasibility of the implementation of P2P energy sharing systems in the Portuguese energy market.
The Community S project was officially launched in September 2016 and concluded in September 2018. This Portugal 2020 demonstration project was developed in line with the Priority Areas of the National Research & Development (R&D) Strategy of Portugal, focusing on the development of innovative solutions for the smart, decentralised and collective management of distributed renewable generation at the community scale (see Acknowledgement section for more details). The project consortium comprised 3 distinct entities, which are:
• Virtual Power Solutions (VPS <https://www.vps.energy/>: Leader of the consortium. VPS is a private technology-based company that focused on the provision of smart and interconnected hardware and software solutions to enable the smart and collective management of distributed energy resources; • Simples Energia <https://www.energiasimples.pt/>: Simples Energia is a private energy retailer and aggregator that focused on the design and validation of the P2P energy sharing business model proposed in this project; • Research Group on Intelligent Engineering and Computing for Advanced Innovation and Development-GECAD <http://www.gecad.isep.ipp.pt>: GECAD is a public R&D centre from the Institute of Engineering at the Polytechnic of Porto that focused on the development of algorithms for the optimisation of the services offered in the project.
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Rationale behind the Proposed Business Model
While the lack of a suitable regulatory framework obstructs the implementation of effective P2P energy sharing transactions in Portugal, new progressive approaches that go beyond the status quo must be foreseen as a means to circumvent these immediate regulatory barriers and consequently push forward the makeover of restrictive energy policies. Considering this, a pragmatic and straightforward business model was envisioned for the Community S project-namely the creation of P2P energy sharing communities where all its members were under the same Low Voltage/Medium Voltage (LV/MV) transformer substation. Specifically, these P2P energy sharing communities have been structured so that each municipality (i.e., providers) served its inhabitants (i.e., consumers) with surplus distributed generation from its PV systems.
This business model was trialed in three pilot projects, namely in the municipalities of Alfândega da Fé and Vila Real (Lordelo) located in the Northern region of Portugal, and the municipality of Penela located in the Central region of Portugal. Each pilot was composed of four public buildings with PV systems (i.e., prosumers) and approximately 35 grid-connected households (i.e., consumers).
Generally speaking, PV systems in public buildings generate surplus electricity during periods of low to nearly-zero electricity consumption, such as: during lunch hours; vacation periods; public holidays; weekends; before and after working hours; etc. However, at present, the Portuguese regulatory framework discourages the generation of surplus electricity for owners of PV systems for self-consumption (i.e., UPACs in Portuguese) by establishing an unattractive Feed-In tariff for this parcel of electricity. That is, the price that prosumers get from their net export of surplus distributed generation to the medium/high voltage (MV/HV) distribution grid is approximately 90% of the average monthly price in the wholesale electricity market in the Iberian Peninsula (i.e., OMIE). Simply put, this means that prosumers sell their surplus electricity to the distribution grid at a rate that is 10% lower than the rate of the electricity that they usually buy from the distribution grid as consumers (more details in Appendix A).
However, by creating P2P energy sharing communities under the same LV/MV transformer substation (as proposed in the Community S project), the surplus distributed generation would be primarily consumed locally within the boundaries of the low voltage distribution network, which would result in lower net exports of surplus distributed generation than usual to higher voltage levels (i.e., medium or high voltage network routes), thus reducing power grid stress. This can be achieved through optimal matching between supply & demand, where the surplus generation from PV systems in public buildings would be first sold to grid-connected households before being injected into the distribution grid in a Business-as-Usual (BaU) scenario.
Nonetheless, it is fundamental to highlight some remarks regarding the proposed approach. As put by Park and Yong [19] , the notion that a consumer can buy electricity from a specific prosumer is only logical from a market clearing perspective. At the physical level, however, one cannot identify the source of the electricity that flows within the low voltage network into each household. In other words, technically seen, the surplus generation from prosumers cannot be stamped nor distinguished from other electricity sources and cannot be sent to targeted locations. Therefore, at present the only way to effectively simulate the P2P energy trading is by changing the load pattern in each P2P energy sharing community to match the surplus distributed generation that is injected in the grid in real-time, as a means to optimise the absorption of this surplus electricity within the LV/MV transformer substation and thus prevent to the maximum the net export of power to the next higher voltage level (i.e., to the MV/HV distribution grid).
In summary, any ICT architecture implemented to support P2P energy sharing models is only relevant to optimise the balance between supply & demand and record these information flows, but not to mechanically redirect the multiple energy flows of surplus electrons to desired physical locations under the same LV/MV transformer substation.
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Supporting ICT Infrastructure
The deployment of P2P energy sharing business models is only possible with the support of an underlying smart ICT infrastructure layer. To enable that, VPS implemented an interconnected ICT network composed of smart Home Energy Management Systems (HEMS) and smart Building Energy Management Systems (BEMS) (as schematically illustrated in Figure 1 ) that monitored and controlled in real-time granular data regarding distributed generation from prosumers and energy demand from consumers in each P2P energy sharing community. This allowed the project consortium to simulate and validate the potential monthly P2P energy sharing interactions in each low voltage P2P energy sharing community during the total time span of the field trials (i.e., from January 2018 to June 2018), which lasted 6 months.
Energies 2020, 13, x 5 of 20 simulate and validate the potential monthly P2P energy sharing interactions in each low voltage P2P energy sharing community during the total time span of the field trials (i.e., from January 2018 to June 2018), which lasted 6 months. 
Smart Home Energy Management System
For the deployment of the Community S project, each household was equipped with a smart HEMS entitled Cloogy, which allowed end-users to optimise energy usage in real-time in accordance with lower energy prices as well as remotely control specific electric devices via Cloogy's web platform or mobile app (e.g., switching Heating, Ventilation & Air Conditioning (HVAC) systems on/off; scheduling laundry cycles, etc.). Cloogy is comprised by the following elements:
• Smart power plug: it monitors and controls electricity consumption data from any individual electrical appliance; • Sensor/clamp: it collects consumption data from the electrical panel, as well as from PV systems (if existent); • Transmitter: it sends data collected by the clamp to the hub; • Hub: it receives data from the transmitter and smart power plugs, sending it to the database; • End-user interfaces: it allows end-users to establish the working time of their electrical appliances; turn them on/off remotely and in real-time; eliminate stand-by consumption; and establish monthly electricity consumption thresholds.
The communication protocol used by Cloogy is the ZigBee (2.4 GHz) home automation technology, which provides many advantages in terms of platform standardisation and scalability. Finally, Cloogy's easy-to-use frontend interfaces (either in the form of a web platform or mobile app) allowed end-users from households to explore processed and aggregated data regarding electricity consumption and distributed generation (if existent) in intuitive ways.
Smart Building Energy Management System
For the deployment of the Community S project, each public building was equipped with a smart BEMS entitled Kisense as well as a PV system, which allowed them to optimise energy usage in realtime in accordance with their own distributed generation or lower energy prices. Kisense provided advanced data analytics and forecast insights regarding electricity consumption and distributed electricity generation in public buildings via intuitive user interfaces. Some of Kisense's functionalities include: (i) data aggregation/disaggregation and correlation for forecasting; (ii) energy 
Smart Home Energy Management System
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Smart Building Energy Management System
For the deployment of the Community S project, each public building was equipped with a smart BEMS entitled Kisense as well as a PV system, which allowed them to optimise energy usage in real-time in accordance with their own distributed generation or lower energy prices. Kisense provided advanced data analytics and forecast insights regarding electricity consumption and distributed electricity generation in public buildings via intuitive user interfaces. Some of Kisense's functionalities include: (i) data aggregation/disaggregation and correlation for forecasting; (ii) energy tariff comparison and management; (iii) load shedding; (iv) load shifting to take full advantage of PV generation and energy tariffs; (v) savings tracking; etc. Kisense's frontend web platform interface allowed end-users from public buildings to explore processed and aggregated data regarding electricity consumption and distributed generation in intuitive ways.
Kisense was implemented in four public buildings per pilot, as detailed below:
• Alfândega da Fé: City 
Structure of the New Final Sales Tariff
The components that make up energy tariff models worldwide usually reflect varying costs associated with the generation, transportation, distribution and sales of electricity. In Portugal, the methodology chosen by ERSE to calculate energy tariffs is based on the principle of tariff additivity [25] . This means that the Final Sales tariff applicable to final customers are in fact a sum of different supply activity tariffs associated with the use of energy network infrastructures to deliver electricity.
Illustratively, the Final Sales tariff paid by final customers connected to the low voltage networks is higher than that paid by final customers connected to the medium or high voltage networks, given that the electricity used by the former must access greater distribution network routes to reach its endpoint. The Final Sales tariff presented to final customers in Portugal is obtained through the sum of the following tariffs: In summary the general structure of the Final Sales tariff presented to low voltage network customers in Portugal is composed by the sum of the following: As previously explained, this demonstration project argued that the Final Sales tariff for the surplus generation traded within low voltage P2P energy sharing communities should be exempted from NATs associated with medium and high voltage networks (which are approved and published annually by ERSE [27] ). Considering that the regulated tariff system in Portugal is additive, the simple subtraction of the NATs associated with medium voltage networks URDMT (which already implicitly encompasses the NATs associated with high voltage networks, namely URTAT and URDAT) from the NATs associated with low voltage networks URDBT can effectively reduce the Final Sales tariff. This calculation is shown in Table 1 . In summary the general structure of the Final Sales tariff presented to low voltage network customers in Portugal is composed by the sum of the following: As previously explained, this demonstration project argued that the Final Sales tariff for the surplus generation traded within low voltage P2P energy sharing communities should be exempted from NATs associated with medium and high voltage networks (which are approved and published annually by ERSE [27] ). Considering that the regulated tariff system in Portugal is additive, the simple subtraction of the NATs associated with medium voltage networks URD MT (which already implicitly encompasses the NATs associated with high voltage networks, namely URT AT and URD AT ) from the NATs associated with low voltage networks URD BT can effectively reduce the Final Sales tariff. This calculation is shown in Table 1 .
The proposed network access tariff reductions were only considered for on-peak hours and mid-peak hours. That is because the proposed business model considered solar energy as the only source of surplus distributed generation, and there is zero or nearly-zero distributed generation from PV systems during off-peak hours and super off-peak hours. Also, the proposed business model disregarded the use of batteries (either automotive or stationary) due to their high investment costs and overly low return of investment at present. 2 For the sake of generalisation, the prices of the NAT for medium voltage networks in 2018 shown in this table were averaged, considering the price variations between the two regulated periods of the year (i.e., winter and summer) and considering the price variations between each regulated time block, as defined by ERSE in the Official Gazette of the Republic of Portugal [27] .Source: Authors' own elaboration.
In summary, the main idea behind the proposed business model is that the surplus renewable generation that is locally produced and distributed among the low voltage P2P energy sharing community should be exempted to bear the costs associated with higher voltage levels (i.e., medium and high voltage networks). However, given that these P2P energy sharing communities would still be connected to these higher voltage levels as a means to provide security of supply in case of shortages within the low voltage grid level, this paper argues that this contingent security of supply could also be financially considered in a renewed NAT (eventually represented by an additional variable in the NAT such as security of supply insurance). This represents a reasonable recommendation especially considering that the margin of the proposed NAT reduction in this study is fairly wide (ranging from 22.1% to 56.4%). Nonetheless, this idea goes beyond the scope of the demonstration proposed in this study and will be considered in future work.
Results

Implementation of the Proposed Business Model
In possession of the granular data from the interconnected smart ICT network, the consortium was able to evaluate the amount of surplus electricity from PV systems in public buildings that were sold each month to the distribution grid under a BaU scenario. In fact, this surplus generation represented the parcel of electricity that could have been shared with other grid-connected peers in each low voltage P2P energy sharing community in a prospective deregulated scenario.
For each pilot, this overall amount of surplus electricity from public buildings was aggregated and then equitably divided between all participating households each month. Then, it was converted to monetary values, following the proposed NAT reductions calculated in Table 1 . These final monetary values per household represented their potential monthly energy bill reductions in case they were able to buy the surplus electricity from public buildings under the proposed new energy tariff for low voltage P2P energy sharing communities.
As a way to demonstrate the viability of the proposed business model and to motivate participating households, the consortium offered free of charge these monthly NAT reductions to them in the form of direct rebates in their energy bills during the 6-month field trial period (i.e., from January to June 2018) instead of selling the surplus electricity per se as expected in a deregulated scenario. For that Energies 2020, 13, 125 9 of 20 purpose, Energia Simples tailored a unique and advantageous energy contract for the Community S project that incorporated these NAT reductions, as seen in Table 2 . As can be inferred from the analysis of Table 2 , the proposed NAT reductions translated to effective energy bill reductions that ranged from 15.1% to 23.6% depending on the energy tariff structure of each participating household.
Given that P2P energy sharing transactions are not yet deregulated in Portugal, it is important to highlight that the only way for participating households to have had (indirect) access to the monthly surplus generation from photovoltaic (PV) systems was through accession to this contract, which was voluntary and did not offered any drawbacks to their participation in the project in case they opted not to.
Data Analysis
Because of budget constraints, not all participating public buildings could be equipped with PV systems within the scope of this demonstration project. In such cases, simulations were carried out to assess what their potential PV generation output would be in case they had PV systems, using for that purpose data from a software entitled PVGIS [28] . On the other hand, in the case of those buildings equipped with PV systems, their monthly PV generation output was monitored through Kisense as previously stated. By doing so, it was possible to evaluate the monthly generation output (i.e., real or simulated) of the 12 participating public buildings in the Community S project.
Using this data, as well as data regarding the electricity consumption profile of each respective public building, it was possible to calculate the monthly net export of surplus electricity that was injected (or would have been injected in the case of simulations) in the distribution grid during the 6-month field trial period. This data is graphically illustrated in Figure 3 . As previously mentioned, the monthly rebates that each participating household could have received varied based on the following criteria:
•
The aggregated amount of available surplus generation from PV systems in participating public buildings each month in each pilot (e.g., surplus generation is higher during Summer months); •
The number of participating households in each pilot; •
The specific tariff structure of each participating household (i.e., flat rate, 2-or 3-period Time-Of-Use rates); •
The electricity usage profile of each participating household in the case of 2-or 3-period Time-Of-Use rates (i.e., NAT reductions could only be applied during mid-peak and on-peak hours As previously mentioned, the monthly rebates that each participating household could have received varied based on the following criteria:
The specific tariff structure of each participating household (i.e., flat rate, 2-or 3-period Time-Of-Use rates);
• The electricity usage profile of each participating household in the case of 2-or 3-period Time-Of-Use rates (i.e., NAT reductions could only be applied during mid-peak and on-peak hours for such tariff structures, as there is no distributed generation during off-peak and super off-peak hours). This meant that if the overall consumption profile of a given household during mid-peak and on-peak hours in a given month was lower than the amount of available surplus PV generation per household in that given month, this given household would not be able to access 100% of the tariff reduction.
Economic Feasibility Analysis
In order to validate the economic feasibility of the proposed business model, the consortium performed analysis from the perspective of both electricity consumers and prosumers.
Consumers' Perspective
From the consumers' perspective, the economic feasibility analysis of the proposed NAT reduction during the 6-month trial period (i.e., January-June 2018) was performed by comparing the sum of the hourly energy consumption data of a reference household in a given pilot with the sum of the available hourly surplus renewable generation from the 4 public buildings per household in that pilot (i.e., City Hall, Municipal Market, Municipal Library and Cultural Centre).
The reference household data was selected through random sampling from a data pool comprising data from all participating consumers that had their HEMS working properly throughout the 6-month trial period. Given that the selected data belonged to a consumer from Alfândega da Fé, the reference data for the available hourly surplus renewable generation per household also came from the 4 public buildings in Alfândega da Fé, as illustrated in Figure 4 . for such tariff structures, as there is no distributed generation during off-peak and super offpeak hours). This meant that if the overall consumption profile of a given household during mid-peak and on-peak hours in a given month was lower than the amount of available surplus PV generation per household in that given month, this given household would not be able to access 100% of the tariff reduction.
Economic Feasibility Analysis
Consumers' Perspective
The reference household data was selected through random sampling from a data pool comprising data from all participating consumers that had their HEMS working properly throughout the 6-month trial period. Given that the selected data belonged to a consumer from Alfândega da Fé, the reference data for the available hourly surplus renewable generation per household also came from the 4 public buildings in Alfândega da Fé, as illustrated in Figure 4 . By analysing Figure 4 , it can be inferred that there was a significant amount of surplus renewable generation that could have been shared with each household during the 6-month trial period.
Furthermore, the economic feasibility analysis of the proposed NAT reduction also considered the 4 different energy tariff options for end-users (i.e., Flat rate; 2-period Time-Of-Use rate; 3-period Time-Of-Use rates (3.45-20.7 kVA & 27.6-41.4 kVA)). This step is extremely important given that the hourly NAT costs varied differently according to each energy tariff option, as given in Figure 5 . By analysing Figure 4 , it can be inferred that there was a significant amount of surplus renewable generation that could have been shared with each household during the 6-month trial period.
Furthermore, the economic feasibility analysis of the proposed NAT reduction also considered the 4 different energy tariff options for end-users (i.e., Flat rate; 2-period Time-Of-Use rate; 3-period Time-Of-Use rates (3.45-20.7 kVA & 27.6-41.4 kVA)). This step is extremely important given that the hourly NAT costs varied differently according to each energy tariff option, as given in Figure 5 . Energies 2020, 13, x 12 of 20 In this energy tariff option, there is no separation between on-peak and off-peak hours, which means that the NAT cost is immutable as presented in Table 1 .
The economic feasibility is assessed by calculating the difference between the sum of hourly NAT costs in a BaU scenario and the sum of hourly NAT costs in the proposed business model during hours of solar irradiation (i.e., when PV cells in public buildings are generating renewable electricity). The NAT cost fluctuations are presented in Figure 6 . In view of this, the summed difference of NAT costs during the 6-month trial period went from approximately €9.3 to €6.2, resulting in total savings of €3.1.
2-Period Time-of-Use Tariff (3.45-20.7 kVA)
In this energy tariff option, there are two distinct blocks of time (i.e., on-peak and off-peak hours), which means that NAT costs vary throughout the day as presented in Table 1 .
The economic feasibility is assessed by calculating the difference between the sum of hourly NAT costs in a BaU scenario and the sum of hourly NAT costs in the proposed business model during hours of solar irradiation (i.e., when PV cells in public buildings are generating renewable electricity). The NAT cost fluctuations are presented in Figure 7 . In this energy tariff option, there is no separation between on-peak and off-peak hours, which means that the NAT cost is immutable as presented in Table 1 .
The economic feasibility is assessed by calculating the difference between the sum of hourly NAT costs in a BaU scenario and the sum of hourly NAT costs in the proposed business model during hours of solar irradiation (i.e., when PV cells in public buildings are generating renewable electricity). The NAT cost fluctuations are presented in Figure 6 . In this energy tariff option, there is no separation between on-peak and off-peak hours, which means that the NAT cost is immutable as presented in Table 1 .
The economic feasibility is assessed by calculating the difference between the sum of hourly NAT costs in a BaU scenario and the sum of hourly NAT costs in the proposed business model during hours of solar irradiation (i.e., when PV cells in public buildings are generating renewable electricity). The NAT cost fluctuations are presented in Figure 7 . In view of this, the summed difference of NAT costs during the 6-month trial period went from approximately €9.3 to €6.2, resulting in total savings of €3.1.
2-Period Time-Of-Use Tariff (3.45-20.7 kVA)
The economic feasibility is assessed by calculating the difference between the sum of hourly NAT costs in a BaU scenario and the sum of hourly NAT costs in the proposed business model during hours of solar irradiation (i.e., when PV cells in public buildings are generating renewable electricity). The NAT cost fluctuations are presented in Figure 7 . In view of this, the summed difference of NAT costs during the 6-month trial period went from approximately €10.2 to €6.8, resulting in total savings of €3.4.
3-Period Time-of-Use Tariff (3.45-20.7 kVA)
In this energy tariff option, there are three distinct blocks of time (i.e., on-peak, mid-peak and off-peak hours), which means that NAT costs vary throughout the day as presented in Table 1 .
The economic feasibility is assessed by calculating the difference between the sum of hourly NAT costs in a BaU scenario and the sum of hourly NAT costs in the proposed business model during hours of solar irradiation (i.e., when PV cells in public buildings are generating renewable electricity). The NAT cost fluctuations are presented in Figure 8 . In view of this, the summed difference of NAT costs during the 6-month trial period went from approximately €10.8 to €7.8, resulting in total savings of €3.0. In this energy tariff option, there are three distinct blocks of time (i.e., on-peak, mid-peak and off-peak hours), which means that NAT costs vary throughout the day as presented in Table 1 .
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The economic feasibility is assessed by calculating the difference between the sum of hourly NAT costs in a BaU scenario and the sum of hourly NAT costs in the proposed business model during In view of this, the summed difference of NAT costs during the 6-month trial period went from approximately €10.2 to €6.8, resulting in total savings of €3.4. In this energy tariff option, there are three distinct blocks of time (i.e., on-peak, mid-peak and off-peak hours), which means that NAT costs vary throughout the day as presented in Table 1 .
3-Period Time-Of-Use Tariff
The economic feasibility is assessed by calculating the difference between the sum of hourly NAT costs in a BaU scenario and the sum of hourly NAT costs in the proposed business model during hours of solar irradiation (i.e., when PV cells in public buildings are generating renewable electricity). The NAT cost fluctuations are presented in Figure 8 . In view of this, the summed difference of NAT costs during the 6-month trial period went from approximately €10.2 to €6.8, resulting in total savings of €3.4.
3-Period Time-of-Use Tariff (3.45-20.7 kVA)
3-Period Time-of-Use Tariff
The economic feasibility is assessed by calculating the difference between the sum of hourly NAT costs in a BaU scenario and the sum of hourly NAT costs in the proposed business model during In view of this, the summed difference of NAT costs during the 6-month trial period went from approximately €10.8 to €7.8, resulting in total savings of €3.0. In this energy tariff option, there are three distinct blocks of time (i.e., on-peak, mid-peak and off-peak hours), which means that NAT costs vary throughout the day as presented in Table 1 .
3-Period Time-Of-Use Tariff
The economic feasibility is assessed by calculating the difference between the sum of hourly NAT costs in a BaU scenario and the sum of hourly NAT costs in the proposed business model during hours of solar irradiation (i.e., when PV cells in public buildings are generating renewable electricity). The NAT cost fluctuations are presented in Figure 9 .
Energies 2020, 13, x 14 of 20 hours of solar irradiation (i.e., when PV cells in public buildings are generating renewable electricity). The NAT cost fluctuations are presented in Figure 9 . In view of this, the summed difference of NAT costs during the 6-month trial period went from approximately €8.7 to €5.7, resulting in total savings of €3.0.
Prosumers' Perspective
In the context of the business model framework proposed in this study, the economic feasibility for the prosumers' perspective took into account the existing legal framework on distributed renewable generation for self-consumption (i.e., Decree-Law no. 153/2014 [25] , which is thoroughly reviewed on Appendix A). As previously explained, at present in Portugal the net export of surplus distributed renewable generation must be sold to the Last Resort Retailer (i.e., EDP Universal) at the price of 90% of the average monthly price in the wholesale electricity market in the Iberian Peninsula (OMIE). Simply put, this means that at present prosumers are penalised in Portugal, since the Feed-In tariff is 10% lower than the rate of the electricity that is usually bought from the distribution grid.
However, as a means to bring more fairness to end-users that decided to become active participants in future local energy markets, this study proposed to equate the Feed-In tariff with the average monthly price in the wholesale electricity market in the Iberian Peninsula (OMIE). To illustrate the economic feasibility of the proposed approach for the perspective of a single prosumer, this study compared the price differences between the current Feed-In tariff in Portugal and the proposed new Feed-In tariff on the sum of hourly surplus renewable generation from the 4 public buildings in Alfândega da Fé (i.e., City Hall, Municipal Market, Municipal Library and Cultural Centre) during the 6-month trial period (see Figure 10 ). In view of this, the summed difference of NAT costs during the 6-month trial period went from approximately €8.7 to €5.7, resulting in total savings of €3.0.
However, as a means to bring more fairness to end-users that decided to become active participants in future local energy markets, this study proposed to equate the Feed-In tariff with the average monthly price in the wholesale electricity market in the Iberian Peninsula (OMIE). To illustrate the economic feasibility of the proposed approach for the perspective of a single prosumer, this study compared the price differences between the current Feed-In tariff in Portugal and the proposed new Feed-In tariff on the sum of hourly surplus renewable generation from the 4 public buildings in Alfândega da Fé (i.e., City Hall, Municipal Market, Municipal Library and Cultural Centre) during the 6-month trial period (see Figure 10 ).
However, as a means to bring more fairness to end-users that decided to become active participants in future local energy markets, this study proposed to equate the Feed-In tariff with the average monthly price in the wholesale electricity market in the Iberian Peninsula (OMIE). To illustrate the economic feasibility of the proposed approach for the perspective of a single prosumer, this study compared the price differences between the current Feed-In tariff in Portugal and the proposed new Feed-In tariff on the sum of hourly surplus renewable generation from the 4 public buildings in Alfândega da Fé (i.e., City Hall, Municipal Market, Municipal Library and Cultural Centre) during the 6-month trial period (see Figure 10 ). Figure 11 presents the average monthly price in the wholesale electricity market in the Iberian Peninsula (OMIE) during the 6-month trial period (i.e., January-June 2018). Figure 10 . Sum of hourly photovoltaic generation, electricity consumption and surplus renewable generation from the 4 public buildings in Alfândega da Fé during the 6-month trial period. Source: Authors' own elaboration. Figure 11 presents the average monthly price in the wholesale electricity market in the Iberian Peninsula (OMIE) during the 6-month trial period (i.e., January-June 2018). Figure 11 . Average monthly electricity price (€/MWh) in the wholesale market in the Iberian Peninsula (OMIE) during the 6-month trial period (i.e., January-June 2018). Source: Adapted from OMIE [29] .
In view of the data presented in Figure 11 , the average sales price of the net export of surplus renewable generation using the current feed-in tariff during the 6-month trial period can be calculated using the following expression: 
Then, considering that the total availability of surplus renewable generation during the 6-month trial period in the four public buildings in Alfândega da Fé amounted to 17,953.00 kWh, the average profit that it got from this net export can be calculated using the following formula:
However, under the prospective new scenario (without a penalisation of 10%), the profit that it would have obtained would be higher, as presented in the following formula: 
In conclusion, it can be inferred that the four public buildings in Alfândega da Fé would get an additional €90.2 for all surplus renewable generation traded within the low voltage energy community during the 6-month trial period (in comparison to injecting it in the distribution grid with the current Feed-In tariff).
Discussion
While absent deregulation obstructs the implementation of effective P2P energy sharing markets in Portugal, such demonstration projects are essential to challenge restrictive legislative frameworks and policies that do not keep up with the pace of technological and socioeconomic innovations, thus fomenting fruitful discussions not only about incremental change, but also about transition policies that can be exceptionally transformative and complement existing ones. In this sense, the Community S can be taken as a reference model for the further development of increasingly more complex business models in this field of research, thus helping to build the emerging energy regime and disrupting the old one. Surely, a wide array of additional questions arises from the content presented in this paper, which should be addressed in future R&D projects, namely:
• Considering that the low voltage P2P energy sharing communities would still need to use existing low voltage energy networks, shouldn't there be a usage fee to pay for the maintenance and running costs of these infrastructures? If so, how these costs could be spread in the P2P energy sharing pricing structure? Average monthly electricity price in the OMIE in 2018 (€/MWh) Figure 11 . Average monthly electricity price (€/MWh) in the wholesale market in the Iberian Peninsula (OMIE) during the 6-month trial period (i.e., January-June 2018). Source: Adapted from OMIE [29] .
However, under the prospective new scenario (without a penalisation of 10%), the profit that it would have obtained would be higher, as presented in the following formula: In conclusion, it can be inferred that the four public buildings in Alfândega da Fé would get an additional €90.2 for all surplus renewable generation traded within the low voltage energy community during the 6-month trial period (in comparison to injecting it in the distribution grid with the current Feed-In tariff).
• Considering that the low voltage P2P energy sharing communities would still need to use existing low voltage energy networks, shouldn't there be a usage fee to pay for the maintenance and running costs of these infrastructures? If so, how these costs could be spread in the P2P energy sharing pricing structure? •
In order to increase the resilience of P2P energy sharing markets, shouldn't it also accommodate a more diversified group of end-users offering different flexibility services other than just distributed renewable generation (e.g., electric vehicles, stationary energy storage, Demand-Response programmes, etc.)?
• Is blockchain technology a necessity in the deployment of such market models or should the centralised management model by traditional utilities be maintained? •
How should a platform architecture be like to comprehensively embody all decentralised, flexible, independent and direct interactions among grid-connected peers within P2P energy sharing markets? •
As for the optimisation of the services being delivered in a P2P energy sharing market, shouldn't a peer-to-community also be considered to unlock additional benefits to the P2P energy sharing community (as in an aggregated resource pool that is managed in a collective manner) rather than a strictly peer-to-peer approach? • Should all transactions be monetised, or could P2P energy sharing models also embody free-of-charge electricity sharing to disadvantaged peers in energy poverty?
In view of this, the Flexigy project is introduced (i.e., R&TD Co-Promotion Project no. 034067; Call no. 03/SI/2017, SI I&DT). This project intends to carry on the R&D activities accomplished within the framework of the Community S project, aiming to address the issues highlighted in the abovementioned questions. Its main objective is to design an online marketplace platform where grid-connected peers will be able to trade electricity with each other and sell various flexibility services to an aggregator (i.e., a central coordinator) in an ad hoc manner. Moret and Pinson [6] argues that the presence of such third-party supervision simplifies market regulation and the communication with the system operator. In view of this, the development of such a platform could be of interest for utilities or energy providers that aim to evolve their energy services provision in the face of ever-growing and inevitable prosumer-centric energy markets.
In effect, the new paradigm brought up by both projects empowers end-users to become their own energy traders, thus eliminating the traditional role of utilities that usually intermediate energy services on their behalf. By doing so, these two projects expect to provide novel insights associated with the P2P energy sharing concept that will spur the development of more decentralised, democratic, accessible, adaptive, networked, collaborative, sustainable and smarter energy systems.
Conclusions
This study envisioned a novel approach for the collaborative use of the surplus electricity generation from PV systems in public buildings within low voltage P2P energy sharing communities. Namely, it proposed the creation of P2P energy sharing communities where all its members are under the same LV/MV transformer substation. In this way, this study argued that the surplus renewable generation that is locally produced and distributed among the low voltage P2P energy sharing community should be exempted to bear the costs associated with higher voltage levels (i.e., medium and high voltage networks).
All things considered, the feasibility of the proposed business model was highlighted in this paper, which would have benefited all actors involved in the P2P energy sharing model in case this market was deregulated in Portugal. Illustratively, consumers would have paid a reduced price for the electricity bought from grid-connected prosumers within the P2P energy sharing market in comparison to the electricity bought from energy utilities, as in this case they would be exempted to pay for Network Access Tariff charges in its totality. This translated to an effective reduction of the global energy tariff that ranged between 15.1% and 23.6%, depending on the energy tariff structure of each household. During the 6-month trial period, the economic analysis showcased that this economic benefit would have accumulated to up to €3.4 per consumer.
Similarly, prosumers would have made bigger profits by trading surplus generation within the P2P energy sharing community rather than selling it to the distribution grid, given that at present in Portugal the Feed-In tariff pays 90% of the monthly price of electricity purchased from the distribution grid. During the 6-month trial period, this profit would have accumulated to approximately €90.2 for the four public buildings in Alfândega da Fé. Furthermore, it would have strategically benefited transmission and distribution network operators (i.e., TNOs & DNOs), as P2P energy sharing transactions within low voltage distribution networks reduce the congestion in MV/HV distribution networks and HV/Extra HV transmission lines. Consequently, this would result in the alleviation of grid maintenance costs, in the mitigation of transmission and distribution losses, in the adjournment of investments related to the reinforcement of transmission lines and, altogether, in the balancing of the energy grid.
As future work, additional sources of distributed renewable generation other than solar energy could be considered, as well as the use of batteries (either automotive or stationary) for optimisation of supply & demand within each P2P energy sharing community. Additionally, this study highlighted that an additional variable could be considered in a renewed NAT (referring to a security of supply insurance), since that the P2P energy sharing communities would still be connected to these higher voltage levels as a means to provide security of supply in case of shortages within the low voltage grid level. This represents a reasonable recommendation especially considering that the margin of the proposed NAT reduction in this study is fairly wide (ranging from 22.1% to 56.4%).
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Appendix A
Existing Regulatory Framework in Portugal with Potential to Facilitate the Development of P2P Energy Sharing Market Models
The successful emergence of P2P energy sharing models relies on several key factors, of which includes the support of national and local governments. The institutional and political back-up in the form of clear legal frameworks, suitable subsidy schemes or allocation of costs is essential to incentivise and facilitate the development of P2P energy sharing energy markets.
At present, the legal framework in Portugal most closely related with the proposed P2P energy sharing business model is the one regarding distributed generation of electricity for self-consumption (i.e., prosumption scheme). This legal framework was deregulated in 2014, after the approval of the New Distributed Generation Regime through Decree-Law no. 153/2014 [25] . This new Decree-Law was enforced to substitute both Decree-Laws no. 363/2007 and no. 34/2011, which established the legal regimes for micro-and mini-generation of distributed electricity, respectively. In view of this, Decree-Law no. 153/2014 established two new distributed generation schemes, which are:
• Prosumption scheme, referred as Generation Units for Self-Consumption (UPACs); and • Production scheme, referred as Small Generation Units (UPPs).
The abovementioned Decree-Law describes the prosumption scheme (UPACs) as the following: Translation of the original Portuguese quotation: "(...) the electricity generated for self-consumption is predominantly used in the facility associated with the generation unit, with the possibility to connect it to the distribution grid (RESP) for the sale of the surplus generation at market price. It should be noted that, under this generation scheme, the prosumer benefits when the generation unit is sized accordingly to the actual consumption needs of the facility." Furthermore, Decree-Law no. 153/2014 established two options for the sale of the surplus generation from UPACs in Portugal:
Regulated energy market (Clause [23] [24] [25] [26] [27] It refers to the establishment of sales contract with the Last Resort Supplier (i.e., EDP Universal) within the regulated energy market, which is conducted on a monopoly basis in Portugal, as explained below:
Translation of the original Portuguese quotation (Clause 23): "Whenever electricity from an UPAC originates from a renewable energy source, the capacity of this UPAC does not exceed 1 MW and the installation is connected to the distribution grid (RESP), the prosumer can celebrate a contract with the Last Resort Supplier to sell any surplus electricity. The Last Resort Supplier formalises the purchase of the surplus electricity from the UPAC when the prosumer requests so."
Additionally, Clause 24 of the referred Decree-Law defines the remuneration scheme for the sale of surplus distributed generation from UPACs to the Last Resort Supplier within the regulated energy market in Portugal (i.e., Feed-In tariff), setting its price at 90% of the simple arithmetic mean of the daily closing prices of electricity for a given month in the wholesale energy market in the Iberian Peninsula (i.e., OMIE). This means that at present the Feed-In tariff is penalised in Portugal, as it is 10% lower than the rate of the electricity that is usually bought from the distribution grid.
Liberalised energy market (Clause 28)
It refers to the establishment of bilateral sales contract with a preferred Energy Retailer/Aggregator within the liberalised energy market in Portugal, as explained below:
Translation of the original Portuguese quotation: "The producer who does not establish a sales agreement with the Last Resort Supplier to sell electricity in the terms of Clause 23, therefore establishing another type of commercial relationship (namely the sale of electricity in organised markets or through a bilateral sales contract of electricity that is not consumed by the facility associated with the PV system for self-consumption), is subject in this part to the conditions to be set by the respective licensing entity, having as reference the discipline within the legal regime of electricity generation that contemplates the intended commercial relationship."
Finally, Decree-Law no. 215-B/2012 [30] discourses about the role of the Aggregator (i.e., Agregador Facilitador de Mercado), who represents any Energy Retailer subject to the acquisition with market remuneration of the electricity produced by producers/prosumers under special regime, being for that matter obliged to place the purchased electricity in the energy market.
With that said, it can be inferred that albeit highly political, the liberalised energy market in Portugal still accommodates a more progressive alternative for the commercialisation of surplus distributed electricity generation, which could consequently facilitate the acknowledgement of P2P energy sharing market models in the future.
